INTRODUCTION
The Late Cretaceous to Paleogene hinterland of the Sevier retroarc fold-and-thrust belt is widely interpreted as an ancient orogenic plateau similar to the modern Andean PunaAltiplano (Coney and Harms, 1984; Jordan and Alonso, 1987; Allmendinger, 1992; Jones et al., 1998; House et al., 2001; DeCelles, 2004) . Outcrops of Early Cretaceous to Eocene sedimentary strata scattered across east-central Nevada record a transition from Early Cretaceous contraction (Allmendinger, 1992; Taylor et al., 2000; DeCelles, 2004) to Late CretaceousPaleogene extension within the Sevier hinterland (Vandervoort and Schmitt, 1990; Camilleri, 1996; Druschke et al., 2009a Druschke et al., , 2009b . Although numerous studies within the Sevier foreland fold-and-thrust belt and foreland basin system have established a pattern of sediment accumulation and evolving provenance in response to changes in the kinematics of the contractional wedge (e.g., Wiltschko and Dorr, 1983; Allmendinger, 1992; DeCelles, 1994 DeCelles, , 2004 DeCelles and Currie, 1996; DeCelles et al., 1995; Lawton et al., 1997; Horton et al., 2004) , the tectonic and paleogeographic implications of coeval sedimentary deposits within the Sevier hinterland are poorly understood.
The Late Cretaceous and Paleogene Sevier hinterland of central Nevada, located west of the foreland fold-and-thrust belt, has previously been interpreted as a region of high-elevation and low topographic relief, characterized by broad, open folding (Armstrong, 1968 (Armstrong, , 1972 Gans and Miller, 1983; Miller and Gans, 1989; DeCelles, 2004) . However, Upper Cretaceous to Lower Eocene strata of east-central Nevada and adjacent Utah are widely interpreted as extensional basin deposits (Winfrey, 1958 (Winfrey, , 1960 Kellogg, 1964; Vandervoort and Schmitt, 1990; Fouch et al., 1991; Potter et al., 1995; Camilleri, 1996; Dubiel et al., 1996) , and surface-breaking normal faults of latest Cretaceous age have been documented within the type section of the Sheep Pass Formation (Druschke et al., 2009a) . Furthermore, the presence of megabreccia and boulder-bearing conglomerates within the Sheep Pass Formation (Kellogg, 1964; Vandervoort and Schmitt, 1990; Druschke et al., 2009a Druschke et al., , 2009b indicates areas of locally high relief. In our interpretation, Late Cretaceous to Eocene basins of the Sevier hinterland are analogous to modern extensional basin systems documented within the hinterlands of the modern PunaAltiplano and Tibetan Plateaus (Dalmayrac and Molnar, 1981; Molnar and Chen, 1983; Allmendinger et al., 1997; Kapp et al., 2008) .
Previous studies of the Grouse Creek-Raft River-Albion, Ruby-East Humboldt, and Snake Range metamorphic core complexes ( Fig. 1 ) have documented latest Cretaceous and Paleogene midcrustal extension within the Sevier hinter land. Peak Barrovian metamorphism occurred within hinterland core complexes during the Late Cretaceous ca. 100-75 Ma and is interpreted to represent maximum crustal thickening (Miller et al., 1988; Miller and Gans, 1989; Wells, 1997; Lewis et al., 1999; McGrew et al., 2000; Sullivan and Snoke, 2007; Wells and Hoisch, 2008) . Following peak metamorphism , an estimated 14 km of midcrustal extensional thinning occurred within the Grouse Creek-Raft River-Albion and RubyEast Humboldt core complexes beginning in the Late Cretaceous (ca. 75-67 Ma), based on Barrovian metamorphic mineral assemblages and thermochronometry (Wells et al., 1990; Hodges and Walker, 1992; Camilleri and Chamberlain, 1997; Wells et al., 1998; Harris et al., 2007; Wells and Hoisch, 2008) . Although clear evidence for Late Cretaceous midcrustal extension has not been documented in the Snake Range core complex, a post-75 Ma lowering of metamorphic gradients and sparse U-Pb monazite ages may indicate Late Cretaceous to early Paleo gene tectonic unroofi ng (Lewis et al., 1999) . By middle to late Eocene time , all three core complexes experienced signifi cant extension followed by voluminous magmatism (Sullivan and Snoke, 2007) .
This study presents new U-Pb detrital zircon geochronology from the Lower Cretaceous Newark Canyon Formation and the Upper Cretaceous to Eocene Sheep Pass Formation of east-central Nevada (Fig. 2) . Given confl icting tectonic and paleogeographic interpretations for the Cretaceous to Eocene Sevier hinterland, these new data are used to test long-term provenance patterns, to provide depositional age constraints for units previously lacking absolute age control, and to test previous lithostratigraphic correlations of Sevier hinterland strata. In addition, new (U-Th)/He detrital zircon thermochronometry of the Sheep Pass Formation and underlying Mississippian strata is used to constrain the shallow crustal thermal history of east-central Nevada. Together, these data offer new insight into the tectonic and paleogeographic evolution of the Sevier hinterland and provide an analog for long-term processes affecting modern orogenic hinterland regions.
GEOLOGIC BACKGROUND

Pre-Mesozoic Framework
Pre-Mesozoic geotectonic terranes of the western United States strongly influenced the provenance of Sevier hinterland deposits, given that reworked Paleozoic lithologies are a dominant constituent of Cretaceous to Paleogene silici clastic deposits within east-central Nevada (Nolan et al., 1956; Winfrey, 1958 Winfrey, , 1960 Fouch, 1979; Vandervoort, 1987) . Initiation of rifting along the western margin of Laurentia in the Late Precambrian resulted in the deposition of Neoproterozoic to Lower Cambrian siliciclastic strata derived from the adjacent craton, followed by development of a carbonate-dominated passive margin that persisted from mid-Cambrian to Devonian time in eastern Nevada (Stewart and Poole, 1974; Poole et al., 1992) . Subduction initiated outboard of the western Laurentian margin during the Late Ordovician to Silurian, and western Nevada transitioned to a backarc basin setting bordered by island arcs to the west and a carbonate ramp/ shelf system to the east (Burchfi el et al., 1992; Poole et al., 1992; Dickinson, 2000) .
Subsequent slab rollback within the fringing arc system led to initiation of the Antler backarc fold-and-thrust belt in latest Devonian time (Burchfi el et al., 1992; Dickinson, 2000 Dickinson, , 2006 . During the Antler orogeny, deep-marine deposits of the Roberts Mountain allochthon, derived from arc terranes to the west and sediment shed from the Laurentian craton to the east, were thrust up to 200 km eastward onto the adjacent carbonate shelf (Roberts et al., 1958; Speed and Sleep, 1982; Poole et al., 1992) . A thick succession of latest Devonian to early Mississippian clastic sediments, derived from the Roberts Mountain allochthon, was deposited in the Antler foreland basin (Roberts et al., 1958; Speed and Sleep, 1982; Poole et al., 1992; Miller et al., 1992) . Intermittent backarc contraction following the initial Antler orogenic pulse controlled deposition of Middle Mississippian to Upper Permian mixed clastic-carbonate strata in eastern Nevada Trexler et al., 2004; Dickinson, 2000 Dickinson, , 2006 . Late Paleo zoic backarc contraction culminated in the Permian to Early Triassic Sonoma orogeny, during which Cambrian to Permian deep-marine and volcaniclastic backarc strata comprising the Golconda allochthon were thrust up to 50 km eastward over portions of the older Antler fold-and-thrust belt (Oldow, 1984; Miller et al., 1992; Dickinson, 2000 Dickinson, , 2006 . In total, pre-Mesozoic tectonism resulted in the deposition of a 13-15-km-thick, mixed-sedimentary succession of Neoproterozoic to Early Triassic age, which presently dominates the geology of east-central Nevada (Stewart and Poole, 1974; Poole et al., 1992; Miller et al., 1992) .
Mesozoic to Cenozoic Tectonic Framework
Following the Sonoma orogeny, Middle to Late Triassic backarc extension and thermal subsidence resulted in the establishment of a backarc marine basin in western Nevada and the deposition of >6 km of Triassic to Early Jurassic volcaniclastic marine strata (Speed, 1978; Wyld, 2000) . Closure of the backarc seaway occurred following establishment of the Middle Jurassic Luning-Fencemaker retroarc fold-and-thrust belt in western Nevada, during which time Triassic to Jurassic backarc basin strata were thrust eastward over the Golconda allochthon (Oldow, 1984; Wyld, 2002; DeCelles, 2004) . Contraction along the Luning-Fencemaker fold-and-thrust belt was followed by a period of widespread Middle to Late Jurassic backarc volcanism (165-145 Ma) (Smith et al., 1993; du Bray, 2007) .
A period of westward arc migration followed in the earliest Cretaceous, potentially representing a lull in retroarc contraction (Armstrong and Ward, 1991; DeCelles, 2004; Dickinson, 2006) . In northwestern Nevada, the terrigenous King Lear Formation was deposited during Barremian time (ca. 123-125 Ma; Quinn et al., 1997 ) within a series of transtensional basins that received sedi ment from the coeval arc to the west, as well as from highlands to the east dominated by Paleozoic strata (Martin et al., 2010) . By Aptian time , the locus of retroarc contraction had migrated eastward to the Sevier foreland fold-and-thrust belt of western Utah (DeCelles et al., 1995) , while several hundred kilome ters to the west in the Sevier hinter land, the central Nevada fold-and-thrust belt experienced coeval contraction as recorded by deposition of the Albian-Aptian Newark Canyon Formation (Vandervoort and Schmitt, 1990; Allmendinger, 1992; Taylor et al., 2000) . Deformation along the central Nevada fold-and-thrust belt had ceased by the mid-to Late Cretaceous, as documented SP sample locality W h it e R iv e r V a lle y R a il ro a d V a ll e y S te p to e V a ll e y L a k e V a ll e y N e w a rk V a ll e y Diam ond Mou ntai ns F is h C r e e k R a n g e P a n c a k e R a n g e W hit e Pi ne Ra ng e G ra n t R a n g e 
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by the emplacement of un deformed plutons (ca. 100-85 Ma) that cut earlier compressional structures (Taylor et al., 2000) . The Late Cretaceous to early Paleogene marks an increase in the rate of shortening across the foreland of the Sevier orogen as recorded by coeval shortening in the thin-skinned fold-and-thrust belt, and basement-involved defor ma tion in the Laramide foreland to the east (DeCelles, 2004) . Onset of Laramide deformation coincided with a cessation of volcanism within the Sierra Nevada magmatic arc and rapid eastward migration of the magmatic front, brought on by shallowing dip of the subducting Farallon plate (Dickinson and Snyder, 1978) . Late Cretaceous (U-Th)/He apatite cooling ages and paleodrainage profi les preserved in deeply incised canyons of the Sierra Nevada have been interpreted as antecedent river systems similar to modern western Andean drainages, suggesting that a ≥3-km-high plateau lay to the east (House et al., 2001) . Similar paleoelevation estimates of 3-5 km for the Late Cretaceous to Paleogene Sevier hinterland have been based on comparison to the modern Puna-Altiplano and Tibetan Plateaus (Coney and Harms, 1984; Dilek and Moores, 1999; DeCelles, 2004) . Throughout much of the Sevier hinterland, the Late Cretaceous (ca. 80-75 Ma) marks a period of widespread intrusion of peraluminous granitic plutons at midcrustal levels (Miller and Bradfi sh, 1980; Lee et al., 1986; du Bray, 2007) , which overlap temporally and spatially with midcrustal extension in the Raft River-Grouse Creek-Albion and Ruby-East Humboldt core complexes (Wells et al., 1990; Hodges and Walker; Camilleri and Chamberlain, 1997; Harris et al., 2007; Wells and Hoisch, 2008) . Midcrustal extension has been attributed to gravitational spreading of overthickened Sevier hinterland crust toward the low-elevation foreland (Hodges and Walker, 1992; Jones et al., 1998; DeCelles, 2004) , or lithospheric delamination and uplift coupled with thermal weakening of the middle crust during the transition to fl at-slab subduction (Wells and Hoisch, 2008) .
Thermochronometry of midcrustal rocks in the Ruby-East Humboldt Range suggests early Paleogene cooling from 63 to 49 Ma (Paleocene to middle Eocene) (McGrew and Snee, 1994; McGrew et al., 2000) , and from 57 to 46 Ma (Paleocene to middle Eocene) within the northern Snake Range (Lee and Sutter, 1991; Lewis et al., 1999) . To the northeast of the Snake Range core complex, the Paleocene(?) to Lower Eocene White Sage Formation of west-central Utah is interpreted to have been deposited within an extensional basin setting (Potter et al., 1995; Dubiel et al., 1996) . Direct evidence for post-Late Cretaceous contraction within the Sevier hinterland is limited to middle Eocene folding of the White Sage Formation (Potter et al., 1995) , although no distinction was made in this study between folding associated with shortening deformation and folding associated with crustal extension.
Eastward-propagating contraction and syntectonic sedimentation along the Sevier foreland fold-and-thrust belt and basin system of central Utah continued into the early Eocene (DeCelles, 1994 (DeCelles, , 2004 Lawton et al., 1997) . However, by the middle Eocene (ca. 49 Ma), contraction within the Sevier foreland had ceased, as recorded by a change from shortening to extension in the fold-and-thrust belt locally over a time interval as short as 1-2 m.y. (Constenius, 1996) . Asymmetrical foundering of the Farallon slab initiated southward-propagating extension and magmatism within the Sevier hinterland of the Pacifi c Northwest in the early Eocene (Humphreys, 1995) , which was partially coeval with westward extensional collapse of the Sevier fold-and-thrust belt (Constenius , 1996; DeCelles, 2004) . Southward-progressing, synexten sional magmatism is documented in northeastern Nevada beginning in the middle Eocene ca. 43-41 Ma (Armstrong and Ward, 1991; Brooks et al., 1995) , and it subsequently affected east-central Nevada beginning in the late Eocene ca. 38-35 Ma Axen et al., 1993; Gans et al., 2001; Druschke et al., 2009b) .
Stratigraphy of the Cretaceous-Eocene Hinterland
Newark Canyon Formation
The Newark Canyon Formation crops out as scattered exposures of fl uvial and lacustrine deposits that extend from the Piñon Range and Cortez Mountains of north-central Nevada to the Diamond Mountains, Fish Creek, and Pancake Ranges of east-central Nevada (Fig. 2) . Within the Diamond Mountains type section, the Newark Canyon Formation is ~500 m thick and is composed of alternating beds of conglomerate, sandstone, siltstone, and limestone (Nolan et al., 1956) (Fig. 3 ). An Early Cretaceous age (Aptian-Albian ca. 122-112 Ma) is assigned on the basis of biostratigraphy (Nolan et al., 1956; Smith and Ketner, 1976; Swain, 1999) .
Within east-central Nevada, the Newark Canyon Formation is unconformable atop Upper Paleozoic strata, although in north-central Nevada, it lies in part on Upper Jurassic volcanic strata (Smith and Ketner, 1976) . Modal analyses of sandstone within the Newark Canyon Formation indicate a recycled orogen provenance with no identifi able arc-sourced detritus; conglomerate clast populations are similarly composed of reworked local Permian to Ordovician sedimentary units (Vandervoort, 1987) . Paleocurrents within the Newark Canyon Formation indicate transport was primarily to the south and east (Vandervoort, 1987) . The tectonic setting of the Newark Canyon Formation is interpreted as a series of piggyback basins due to the interbedding of coarse braided fl uvial and lacustrine deposits, and the presence of east-vergent folds (Vandervoort, 1987; Vandervoort and Schmitt, 1990) . In the Fish Creek Range, the Newark Canyon Formation is overlain in part by megabreccia composed of Upper Paleozoic lithologies, and by lacustrine limestone containing Maastrichtian to Paleocene fossils that suggest correlation to the Sheep Pass Formation type section Vandervoort and Schmitt, 1990) .
Sheep Pass Formation
The Sheep Pass Formation forms a series of isolated exposures located throughout eastcentral Nevada, over an area of >15,000 km 2 (Fouch et al., 1991) (Fig. 2) . The Sheep Pass Formation was originally designated to describe sections of nontuffaceous fl uvial, alluvial, and lacustrine strata located in the Pancake, Grant, and Egan Ranges. The type section is at Sheep Pass Canyon in the southern Egan Range (Winfrey, 1958 (Winfrey, , 1960 (Fig. 3) . Six members (A-F) are recognized within the Sheep Pass Formation type section (Winfrey, 1958 (Winfrey, , 1960 Fouch, 1979) .
Sparse Maastrichtian detrital zircons (68-70 Ma) analyzed within the basal conglomeratic member (A), and a 66.1 ± 5.4 Ma U-Pb carbonate age from the lower fossiliferous lacustrine limestone member (B) indicate a Maastrichtian age for basal members of the Sheep Pass Formation in the type section (Druschke et al., 2009a) . A Maastrichtian to late Paleocene age (70-55 Ma) had been previously assigned to members B-C in the type section on the basis of biostratigraphy, whereas fossils within Member E of the type section indicate a middle Eocene age (Bridgerian, 50.5-45.4 Ma) (Fouch, 1979; Good, 1987; Swain, 1999) . No major uncon formities have been documented within the Sheep Pass Formation type section (Winfrey, 1958 (Winfrey, , 1960 Kellogg, 1964; Fouch, 1979) , although the sharp transition from Upper Paleocene Member C to Middle Eocene(?) Member D may represent a signifi cant hiatus (Druschke, 2008) . The Sheep Pass Formation is unconformably overlain by the Garrett Ranch Group, a >500-m-thick succession of Upper Eocene to Oligocene volcanic tuff, welded tuff, basalt and andesite fl ows, and volcaniclastic sediment (Winfrey, 1958; Hose et al., 1976; Druschke et al., 2009b) .
The Sheep Pass Formation unconformably overlies sedimentary strata of Devonian to Permian age throughout much of its outcrop area. Within the type section, the Sheep Pass Formation overlies mixed siliciclastic-carbonate units of Mississippian to Pennsylvanian age (Kellogg, 1963 (Kellogg, , 1964 . Conglomerate clast populations are dominated by Upper Paleozoic carbonate lithologies, and it has been reported that no clasts older than Devonian age are discernible (Winfrey, 1958 (Winfrey, , 1960 Kellogg, 1964; Fouch, 1979) . However, sparse clasts of the Ordovician Eureka Quartzite have been documented in Member A of the Sheep Pass Formation type section (Druschke, 2008 ).
An extensional half-graben basin setting has been hypothesized for the Sheep Pass Formation based on the dominance of lacustrine strata and general westward thinning of the Sheep Pass Formation (Winfrey, 1958 (Winfrey, , 1960 , as well as on the presence of megabreccia (Kellogg, 1964) . Megabreccia and lacustrine limestone deposits of Maastrichtian to Paleocene age also crop out in the Fish Creek Range (Fig. 2) . Vandervoort and Schmitt (1990) syndepositional normal faults within the Sheep Pass Formation type section have been shown to be Maastrichtian in age (Druschke et al., 2009a) . Deposition of the Sheep Pass Formation within the type section is interpreted to have been controlled by up to 3 km of latest Cretaceous to Paleocene, down-to-the-northwest stratigraphic throw along the Ninemile fault, which is presently a low-angle normal fault exposed in the southern Egan Range to the southeast of the Sheep Pass Formation type section (Druschke et al., 2009a) . Paleocurrent measurements and depositional environment interpretations indicate that Sheep Pass Formation conglomerates and sandstones were deposited in alluvial fans having sediment sources to the east (Druschke et al., 2009b) .
Eocene Volcanism and "Tuffaceous" Sheep Pass Formation
Throughout much of its outcrop area, the Sheep Pass Formation is unconformably overlain by ash-fl ow tuff units that mark the local onset of late Eocene volcanism (Fouch, 1979) . In the southern Egan Range, the Sheep Pass Formation is unconformably overlain by >500 m of the volcanic Garrett Ranch Group, with 10° of angular discordance between these units (Kellogg, 1964) . In Sheep Pass Canyon, the basal member of the Garrett Ranch Group is a >150-m-thick conglomerate, designated the Stinking Spring Conglomerate (Kellogg, 1964) . The Stinking Spring Conglomerate is in turn overlain by an ash-fl ow tuff unit that has produced a 40 Ar/ 39 Ar sanidine age of 35.43 ± 0.11 Ma (Druschke et al., 2009b) . Paleocurrent measurements indicate that the Stinking Spring Conglomerate formed a series of west-draining alluvial fans similar to the underlying Sheep Pass Formation (Druschke et al., 2009b) ; potentially in response to Eocene reactivation of the Ninemile fault.
The Stinking Spring Conglomerate is dominantly a carbonate-clast conglomerate similar to the basal Member A of the Sheep Pass Formation, but it contains a more diverse clast population. Clasts of local Ordovician to Devonian formations are relatively abundant within the Stinking Spring Conglomerate, as are clasts derived from the underlying Sheep Pass Formation (Kellogg, 1964) . Clasts are dominantly cobblesized, though boulders up to 2 m in diameter are present (Druschke, 2008) . Approximately 20 km to the south of Sheep Pass Canyon, the basal portion of the Garrett Ranch Group consists of megabreccia and block-slide deposits derived from Pennsylvanian limestone and Mississippian sandstone (Kellogg, 1964) . These megabreccia deposits are overlain by an ashfl ow tuff that has produced a 40 Ar/ 39 Ar sanidine age of 35.52 ± 0.08 Ma (Druschke et al., 2009b) .
Although the Sheep Pass Formation, as originally defi ned by Winfrey (1958 Winfrey ( , 1960 , lacks an obvious volcaniclastic component, the defi nition was later expanded to include lacus trine and fl uvial deposits within the central Egan Range that are in part tuffaceous (Brokaw, 1967; Hose et al., 1976) . Elderberry Canyon, located in the central Egan Range immediately south of Ely, Nevada (Fig. 2) , contains ~120 m of conglomerate and lacustrine limestone that thicken to the south. This interval is non volcani clastic in its lower part, but it grades upward into increasingly tuffaceous lacustrine deposits (Fouch, 1979) . A mammalian fossil assemblage in the lower, non vol cani clastic portion of the Elderberry Canyon section establishes a middle Eocene depositional age (Bridgerian 50.5-45.4 Ma), indicating a potential age overlap with the upper members of the Sheep Pass Formation in the type section (Fouch, 1979; Good, 1987; Emry, 1990) . Based on the similarity of depositional facies and possible age overlap, Fouch (1979) correlated the Elderberry Canyon section to the Sheep Pass Formation as "type 2" (tuffaceous), although tuffaceous inter beds were not dated. Fouch (1979) also expanded the defi nition of "tuffaceous" Sheep Pass Formation deposits to include conglomerate and lacustrine limestone of the Kinsey Canyon Formation of Young (1960) that are exposed in the central Schell Creek Range, fl uvial conglomerate exposed in Murphy Wash of the southern Snake Range, and scattered exposures of tuffaceous lacustrine and fl uvial strata in the Grant and Pancake Ranges ( Ar sanidine) Charcoal Ovens Tuff (Druschke et al., 2009b) .
Conglomerate clast populations within tuffaceous Sheep Pass Formation sections are dominated by Upper Paleozoic lithologies, but they contain a greater abundance of clasts derived from Lower Paleozoic units as compared to the Sheep Pass Formation type section (Druschke, 2008) . Within Eocene conglomeratic sections of the Schell Creek Range, Neoproterozoic to Early Cambrian Prospect Mountain Quartzite and distinctive Late Jurassic granitic clasts have been identifi ed and are interpreted to have been derived from the Snake Range to the east (Drewes, 1967; Gans et al., 1989) . Paleocurrent measurements from Eocene conglomerates within the Schell Creek and central Egan Ranges reveal a dominantly westward transport direction, supporting derivation from the east (Druschke et al., 2009b) . The presence of Prospect Mountain Quartzite and Jurassic granitoid clasts suggests up to 7 km of unroofi ng within the Snake Range by the late Eocene (38-35 Ma) . Middle Eocene lacustrine limestone of the Sheep Pass Formation immediately east of Ely, Nevada (Good, 1987) , is overlain by a series of synextensional tuff units that bracket a period of rapid late Eocene extension between 37.56 ± 0.03 Ma and 36.68 ± 0.04 Ma ( 40 Ar/ 39 Ar sanidine) (Gans et al., 2001 ).
METHODS
U-Pb Zircon Geochronology
In total, 15 samples were selected from fi ve stratigraphic sections of Early Cretaceous to late Eocene age within the Sevier hinterland of eastcentral Nevada (Fig. 3) , and we report here 1296 U-Pb detrital zircon age analyses. One sample was obtained from the Mississippian Scotty Wash Sandstone in Sheep Pass Canyon, which is overlain by the Sheep Pass Formation type section. Clasts of the Scotty Wash Sandstone are a common constituent of conglomerates in the Sheep Pass Formation. Two to 5 kg of material were collected per sample, depending on the textural and compositional maturity of the sandstone, which ranged from well-sorted quartz arenite to poorly sorted litharenite.
Zircon separates were processed by crushing and Wifl ey table gravity separation, followed by standard heavy liquid and magnetic separation. Zircon grains ranged from 60 to 300 µm (c-axis) in length, although 100 µm was typical (Fig. 4A ). For each sample, a large fraction of the recovered zircons was mounted in epoxy resin and polished. Typically 100 zircons were analyzed per sample, with the beam centered on the core of grains to avoid metamorphic overgrowth or alteration. Fractured grains were generally avoided due to possible Pb loss from leaching or alteration along fractures; cathodoluminescence (CL) images of the sample mounts were created to evaluate potential fractures and inherited cores for each grain analyzed. In general, 10%-15% of the analyses per sample displayed large uncertainty and/or unacceptable discordance, and these results were discarded. Analyses in which Pb changed signifi cantly during data acquisition were also discarded, because these changes generally result from ablation across an age boundary, fracture, or inclusion.
Analyses were performed at the University of Arizona LaserChron Center with a Micromass Isoprobe multicollector-inductively coupled plasma-mass spectrometer (ICP-MS) equipped with a New Wave DUV 193 nm Excimer laser ablation system. Laser beam diameter was 35 µm with an output energy of 32 mJ (at 22 kV) and a pulse of 8 Hz. An in-house zircon standard with a concordant thermal ionization mass spectrometry (TIMS) age of 563.5 ± 3.2 Ma (Gehrels et al., 2008) was analyzed once after every fi ve unknowns. In addition, U and Th concentrations were monitored by analyzing the National Institute of Standards 610 glass standard.
Age probability plots in this study were constructed using the Ludwig and Mundil (2002) . TuffZirc ages represent a reworked volcaniclastic/epiclastic component within mixed-sourced sedimentary strata and indicate the maximum age of deposition. Addi tional data tables used for the construction of concordia diagrams, probability plots, and TuffZirc ages are presented in the GSA Data Repository (item DR1).
(U-Th)/He Zircon Thermochronology
Zircon is a commonly used (U-Th)/He thermochronometer that is characterized by a He closure temperature of ~180-200 °C, assuming a cooling rate of 10 °C/m.y. (e.g., Reiners et al., 2002 ) and a partial retention zone spanning a temperature range from ~120 to 180 °C (e.g., Stockli, 2005; Wolfe and Stockli, 2008) . For this study, 52 zircons from the Sheep Pass Formation, Scotty Wash Sandstone, and Stinking Spring Conglomerate were selected for (U-Th)/He dating. Zircons were selected from the remaining unmounted fractions of samples that had previously undergone U-Pb dating but were not performed on zircons that had been previously dated.
Zircons were handpicked and selected based on minimum dimensions of 70 µm across a/b axes, between 80 and 200 µm along the c axis, and on the lack of visible fractures and minimal inclusions. Zircons were also selected based on two general morphologies: subrounded zircons that typically reveal Precambrian crystallization ages (Fig. 4B) , and euhedral to subhedral zircons that typically reveal Mesozoic U-Pb crystallization ages (Fig. 4C) . Roughly two thirds of the zircons selected were subrounded. All analyses were carried out on single grains.
All (U-Th)/He age determinations were carried out at the University of Kansas using labora tory procedures described in Biswas et al. (2007) . Selected zircons were wrapped in Pt foil, heated for 10 min at ~1300 °C, and reheated until >99% of the He was extracted. All ages were calculated using standard α-ejection corrections using morphometric analyses (Farley et al., 1996; Reiners, 2005) . After laser heating, zircons were unwrapped from Pt foil and dissolved using HF-HNO 3 and HCl pressure vessel digestion procedures. U and Th concentrations were determined by isotope dilution ICP-MS analysis. Uncertainties (2σ) of single-grain ages refl ect the reproducibility of replicate analyses of laboratory standard samples and are ~8% (2σ) for zircon He ages. All single-grain zircon (U-Th)/He data tables are presented in the GSA Data Repository (item DR2; see footnote 1).
RESULTS
U-Pb Detrital Zircon Geochronology
Results of the U-Pb detrital zircon dating yielded crystallization ages ranging from Archean to Late Cretaceous, with a signifi cant component of Eocene zircons from samples collected from the "tuffaceous" Sheep Pass Formation at several localities. The detrital zircon age distribution for each sample and signifi cant age peak determinations are displayed as a series of probability density plots (Fig. 5 ).
Scotty Wash Sandstone
One sample was collected from the Mississippian Scotty Wash Sandstone in Sheep Pass Canyon, directly below the basal contact with the Sheep Pass Formation (Fig. 3) . This sample was analyzed to provide direct comparison with detrital zircon age distributions within the Sheep Pass Formation type section, due to the prevalence of Scotty Wash Sandstone clasts in conglomerates of the Sheep Pass Formation. Within Sheep Pass Canyon, the Scotty Wash Sandstone consists of a well-sorted, ripple-marked and cross-stratifi ed quartz arenite deposited in a shallow-marine setting during the Mississippian to early Pennsylvanian (Kellogg, 1963) . Detrital zircon separates from the Scotty Wash Sandstone are dominantly pale-yellow to dull-white and subrounded to well rounded. A small percentage of blocky, subhedral grains was observed. Results of U-Pb age analyses indicate dominant age peaks at 1.82 Ga, 1.49 Ga, and 1.11 Ga. Smaller peaks occur at 2.53 Ga, 1.65 Ga, and 426 Ma (Fig. 5) .
Newark Canyon Formation
Two samples were collected from the Newark Canyon Formation type section, from the Upper Conglomerate Member and the Upper Carbonaceous Member (Fig. 3) (Fig. 5) . TuffZirc age extraction computations (Ludwig and Mundil, 2002) performed on the Cretaceous zircon component from sample 07NW2 suggests a single tuff source with an age of 120.7 ± 3.2 Ma (Fig. 6A) .
Sample 06NW1 was collected from a thin bed of poorly sorted sandstone within the mudstone-dominated Upper Carbonaceous Member (Fig. 3) . Separates yielded only relatively large (>100 µm) clear, prismatic, euhedral zircons. U-Pb age results and petrography from 06NW1 indicate that this sample is a waterlain tuff rather than sandstone as indicated in previous stratigraphic sections (Nolan et al., 1956; Vandervoort, 1987) , with a U-Pb concordia age of 116.1 ± 1.6 Ma (Aptian) (Fig. 5) .
Sheep Pass Formation Type Section
In total, 5 samples were collected from the Maastrichtian to middle Eocene Sheep Pass Formation type section in the southern Egan Range (Fig. 2) , including two samples (06SP29 and 06SP20) from the middle and upper portions of conglomeratic Member A, two samples (05SP14 and 05SP18) from the respective lower and middle portions of the fl uvial sandstone-dominated Member C, and one sample (06MR19) from sandy interbeds within Member E (Fig. 3) . Detrital zircon separates reveal a population dominated throughout the Sheep Pass Formation type section by yellow to dull-white, abraded, rounded to subrounded zircons. A smaller population of clear, blocky to prismatic, euhedral to subhedral zircons is also discernible, but it constitutes only ~10%-15% of the zircon population. Euhedral to subhedral zircons are most abundant within Member A, generally decreasing in abundance up section.
Samples from Member A were collected from coarse-to medium-grained, poorly sorted litharenites within sandstone lenses of the predominantly conglomeratic member. The lowermost interval of Member A was not sampled due to a lack of channel sands or sandy matrix within the debris-fl ow-dominated base of the section. Results from Member A reveal zircon crystallization ages ranging from Archean to Late Cretaceous. Although the two youngest zircons (two single analyses of 68 and 70 Ma) were obtained from the uppermost portion of Member A (06SP20) (Druschke et al., 2009a) , overall similarity of the age peaks and physical proximity of the samples allow for the combination of the two analyses into a single probability plot (Fig. 5) . Major age peaks for Member A include: 1.67 Ga, 1.1 Ga, 424 Ma, 110 Ma, and 103 Ma. Smaller peaks occur at 2.78 Ga, 2.36 Ga, 1.88 Ga, 1.38 Ga, and 363 Ma.
Results from samples collected from the lower and middle portion of Member C were similarly combined into a single age probability plot (Fig. 5) . The dominant age peaks for Member C include 1.91 Ma, 1.63 Ga, 1.5 Ga, 1.2 Ga, 1.05 Ga, and 155 Ma. Minor age peaks include 3.12 Ga, 2.88 Ga, 2.67 Ga, 650 Ma, 423 Ma, and 186 Ma.
The fi nal sample analyzed from the Sheep Pass Formation type section was obtained from medium-grained, well-sorted and quartz-rich sandstone interbeds within the base of the lacustrine limestone-dominated Member E. Results indicate major age peaks at 1.85 Ga, 1.75 Ga, 1.48 Ga, 1.18 Ga, 1.06 Ga, and 112 Ma. Minor peaks occur at 2.77 Ga, 1.94 Ga, 1.65 Ga, and 1.0 Ga (Fig. 5) .
Stinking Spring Conglomerate
Two samples were obtained from the middle (06SP21) and uppermost (06SP22) portions of the Stinking Spring Conglomerate within Sheep Pass Canyon. Similar to Sheep Pass Formation Member A, samples were not collected at the base of the Stinking Spring Conglomerate due to a lack of sandy matrix within the conglomerate and a lack of sandstone lenses or interbeds. Sample 06SP21 was obtained from a poorly sorted, dominantly medium-grained sandstone lens. Sample 06SP22 was collected from near the top of the member from a thick, mediumgrained sandstone bed containing detrital biotite and sanidine indicative of a tuffaceous component. Zircon separates from 06SP21 consisted of largely pale-yellow to dull-white, rounded to subrounded zircons, with a small component of clear, elongate, euhedral zircons. Separates from 06SP22 were similar, but euhedral zircons comprised roughly 50% of the population. Results from these samples were combined into a single age probability plot (Fig. 5) . The dominant age populations within the Stinking Spring Conglomerate are 1.65 Ga, 1.15 Ga, 1.1 Ga, 422 Ma, and 37.5 Ma. A TuffZirc age extraction of Eocene zircons within sample 06SP22 indicates a single tuff source with an eruptive age of 37.7 ± 0.6 Ma (Fig. 6B) .
"Tuffaceous" Sheep Pass Formation
In total, 5 samples were collected from widely separated sections of tuffaceous lacustrine and fl uvial strata previously correlated to the Sheep Pass Formation (Fouch, 1979) . Sample 05DW1 was collected north of Duckwater Mountain in the northern Pancake Range (Fig. 2) . The lower portion of this section consists of coarse fanglomerate containing boulders of Devonian and Mississippian lithologies up to 2 m in diameter; the section fi nes upward into coarse sandstone and conglomerate interfi ngering with marginal lacustrine strata (Fig. 3) . Sample 05DW1 was collected from a coarse, poorly sorted sandstone bed ~20 m above the base of the section. The zircon separates reveal nearly equal proportions of paleyellow to dull-white, rounded to subrounded zircons, and clear, elongate, euhedral zircons with abundant accessory barite. Results of U-Pb age analyses indicate major peaks at 36 Ma, 1.86 Ga, and 1.91 Ga. Smaller peaks occur at 2.73 Ga, 2.08 Ga, 1.02 Ga, and 112 Ma (Fig. 5) . A TuffZirc age extraction of the Eocene age component suggests a single tuffaceous source with an eruptive age of 35.7 ± 0.7 Ma (Fig. 6C) .
Sample 04LC4 was collected at Lowry Spring section in the central Egan Range (Fig. 2) . The Lowry Spring section is contiguous with the Elderberry Canyon section 6 km to the north, which was designated as the type locality for Relative probability Relative probability Relative probability Relative probability Relative probability Relative probability Relative probability Relative probability Relative probability Relative probability the "tuffaceous" Sheep Pass Formation (Fouch, 1979) . The Lowry Spring section consists of ~50 m of conglomerate and coarse-to mediumgrained sandstone deposited unconformably on the Permian Arcturus Formation (Brokaw, 1967) . Conglomerate clasts consist dominantly of Upper Paleozoic limestone and siliciclastic strata, with no volcaniclastic component discernible. Lowry Spring lies 1 km north of Sawmill Canyon, but the two sections are separated by a normal fault with an unknown amount of displacement (Brokaw, 1967) . Sample 04LC4 was collected from a medium-grained, wellsorted, quartz-rich sandstone. Detrital zircon separates consist of pale-yellow to dull-white, subrounded to well-rounded zircons, with a very small component of subhedral zircons. Results reveal major populations at 1.77 Ga, 1.68 Ga, 1.3 Ga, and 1.11 Ga. Smaller peaks occur at 2.88 Ga, 2.76 Ga, 1.83 Ga, 953 Ma, and 420 Ma (Fig. 5) . A single zircon with an age of 154 Ma was analyzed. Sample 05SM2 was collected from Sawmill Canyon immediately to the south of Lowry Spring. The sample was collected from a coarse-grained, poorly sorted litharenite within the lower portion of the section (Fig. 3) . Detrital biotite within the sandstone and small wellrounded clasts of basalt within the dominantly Paleozoic-clast conglomerates at Sawmill Canyon indicate a volcaniclastic component. This volcaniclastic component increases up section, with thick beds of tuffaceous sandstone dominating the upper portion of the section below the Charcoal Ovens Tuff. Detrital zircons from 05SM2 consist of roughly 70% clear, elongate, euhedral zircons, with the remainder consisting of pale-yellow to dull-white, rounded to subrounded zircons. Results indicate a major age peak at 36 Ma, with smaller peaks at 1.86 Ga, 1.65 Ga, and 1.11 Ga (Fig. 5) . A TuffZirc age extraction indicates a single tuff source with an age of 36.8 ± 1.1 Ma (Fig. 6D) .
Sample 05KC1 was collected from the Kinsey Canyon section in the northern Schell Creek Range (Fig. 2) . This is the type section of the Kinsey Canyon Formation of Young (1960) , and it was later correlated to the Sheep Pass Formation (Fouch, 1979) . The Kinsey Canyon section consists of ~120 m of dominantly carbonaceous and tuffaceous siltstone deposited within a shallow lacustrine setting (Young, 1960; Fouch, 1979) . The contact between the Kinsey Canyon section and underlying strata is not exposed, but it is unconformably overlain by the late Eocene Kalamazoo Tuff. Sample 05KC1 was collected from a coarse, litharenitic sandstone at the base of the section (Fig. 3) ; separates consist predominantly of clear, prismatic, euhedral zircons with ~10% of the population consisting of pale-yellow to dull-white, rounded to subrounded detrital zircons. Results of U-Pb dating indicate a dominant population at 36 Ma, with minor peaks at 1.41 Ga and 1.08 Ga (Fig. 5) . A TuffZirc age extraction suggests a single tuff source with an age of 35.8 ± 0.5 Ma (Fig. 6E) .
Sample 07SR1 was collected from the Murphy Wash section of the southern Snake Range (Fig. 2) . Murphy Wash is the easternmost section correlated to the Sheep Pass Formation (Fouch, 1979) ; it lies in close proximity to the northern Snake Range core complex. The Murphy Wash section consists of 40 m of fl uvial to alluvial conglomerate and sandstone deposited unconformably on the Mississippian Chainman Formation (Fig. 3) . The Murphy Wash section is unconformably overlain by a series of ashfl ow tuffs and welded tuffs correlated to the Oligocene Needles Range Group; the basal tuff of the sequence has produced a 40 Ar/ 39 Ar age of 31.07 ± 0.07 Ma (Oligocene) (Miller et al., 1999) . Sample 07SR1 was collected near the top of the section, and zircon separates consist mainly of clear, prismatic, euhedral zircons, with <10% consisting of pale-yellow to dullwhite rounded to subrounded zircons. The dominant U-Pb age population is 32 Ma (Oligocene), with minor peaks at 1.17 Ga and 1.02 Ga. A TuffZirc age extraction of the Oligocene zircon population suggests a single tuff source with an eruptive age of 31.9 ± 0.6 Ma (Fig. 6F) .
(U-Th)/He Detrital Zircon Thermochronology
Twelve zircons were analyzed from the Scotty Wash Sandstone in Sheep Pass Canyon (06SP30) in order to constrain the thermal history for the Upper Paleozoic section serving as basement for the Sheep Pass basin. The (U-Th)/ He ages represent zircon cooling through 180 °C, equivalent to approximate 6 km burial depths under normal crustal geothermal gradients. Results are also compatible with somewhat shallower depths under conditions of higher crustal heat fl ow; above-average geothermal gradients are suggested by metamorphism that accompanied Late Cretaceous intrusions within the Snake Range core complex at relatively shallow crustal levels (Miller et al., 1988; Miller and Gans, 1989) . Results from (U-Th)/He detrital zircon dating of the Scotty Wash Sandstone defi ne a broad peak at 265 Ma (Permian), with a single outlier at 680 Ma (Fig. 7A) .
In total, 26 zircons from the Sheep Pass Formation type section were analyzed from three samples corresponding to Member A (06SP29), Member C (05SP18), and Member E (06MR19) (Fig. 7B) . In addition, 9 zircons from the overlying Stinking Spring Conglomerate (06SP21) were analyzed (Fig. 7C) . Dominant (U-Th)/He age peaks occur at 304 Ma, 135 Ma, and 106 Ma, with the largest age peak at 80 Ma. A subset of three euhedral zircons (out of nine total ) from the Stinking Spring Conglomerate defi nes a 40 Ma cooling peak.
DISCUSSION
Zircon Provenance
Precambrian Zircon Source Interpretation
Detrital zircon U-Pb age populations of Sevier hinterland strata are largely dominated by Precambrian peaks. The abundance of Precambrian zircon grains is consistent with the predominance of recycled Upper Paleozoic detritus within conglomerates and sandstone of the Newark Canyon and Sheep Pass Formations (Nolan et al., 1956; Winfrey, 1958 Winfrey, , 1960 Fouch, 1979) . The Mississippian Scotty Wash Sandstone forms a portion of the basement to the Sheep Pass Formation type section, and detrital zircon age determinations provide a direct comparison between the Sheep Pass Formation and Upper Paleozoic source strata. The most abundant U-Pb age population of the Mississippian Scotty Wash Sandstone is defi ned by a 1.1 Ga peak that is part of a broad population of Proterozoic grains ranging from 900 Ma to 1.2 Ga (n = 53, or 55% of the total detrital zircon population). Similar Grenville age peaks make up the major Precambrian populations of the Newark Canyon Formation (1.08-1.25 Ga, n = 33, or 35%) and the Sheep Pass Formation type section (30%). Grenvillian age populations are also signifi cant within the Stinking Spring Conglomerate and the Lowry Spring section. Smaller populations of Grenvillian age zircons are found in the Duckwater Mountain, Sawmill Canyon, Kinsey Canyon, and Murphy Wash sections.
Grenvillian detrital zircon populations are ultimately derived from the 1.0-1.2 Ga Grenville orogen of eastern Laurentia and were transported to the western margin of Laurentia during the Neoproterozoic to Cambrian via cross-continental fl uvial systems (Rainbird et al., 1992 (Rainbird et al., , 1997 Stewart et al., 2001 ). Grenvillian zircons within Sevier hinterland deposits are commonly subrounded to rounded (Fig. 4) , suggesting long-range transport and multiple episodes of reworking. Cambrian to Ordovician strata within the Roberts Mountain allochthon contain signifi cant populations of zircons with Grenville affi nity (Smith and Gehrels, 1994; Gehrels et al., 2000) . The Scotty Wash Sandstone is part of the Antler foreland basin, which received siliciclastic sediment shed from the Roberts Mountain allochthon, although additional input from the craton to the east is possible based on compositional maturity and some west-directed paleocurrent indicators (Trexler et al., 1995) .
The Scotty Wash Sandstone also contains a signifi cant Mesoproterozoic peak at 1.48 Ga, Paleoproterozoic peaks at 1.65 Ga and 1.82 Ga, and an Archean peak at 2.52 Ga. Mesoproterozoic and older zircon populations are common constituents of western Laurentian Paleozoic strata and were ultimately derived from Archean cratons of the Laurentian interior, such as the Superior and Wyoming Provinces, as well as from orogenic belts such as the Trans-Hudson (1.85-1.80 Ga), Yavapai (1.80-1.72 Ga), and Mazatzal (1.72-1.65 Ga) orogens, and the midcontinental Granite-Rhyolite province (1.5-1.3 Ga) Rainbird et al., 1997; Stewart et al., 2001; Gehrels et al., 2000) . Detrital zircon age peaks of 1.43, 1.60, and 1.80 Ga have been recorded in the Ordovician Vinnini Formation of the Roberts Mountain allochthon, and peaks of 2.30-2.80 Ga similarly derived from the Roberts Mountain allochthon are common within the Antler overlap sequence . Within the Newark Canyon Formation, peaks of 1.42 Ga and 1.85 Ga represent significant populations. A compilation of Precambrian zircon ages from the Sheep Pass Formation (Fig.  8A ) similarly reveals major peaks at 1.51 Ga, 1.66 Ga, 1.86 Ga, 2.73 Ga, and 2.87 Ga. Detrital zircons within Sevier hinterland strata of Mesoprotero zoic to Archean age are typically subrounded to well rounded (Fig. 4) , suggesting long-range transport and multiple episodes of recycling, with degree of roundness typically increasing with the age of the zircons.
A trend toward older Precambrian zircons relative to Grenvillian grains is seen within late Eocene hinterland strata, as demonstrated by U-Pb age peaks of the Sawmill Canyon-Lowry Spring, Duckwater Mountain, and Kinsey Canyon sections. This trend correlates with a greater proportion of Cambrian to Devonian clasts within conglomeratic beds comprising late Eocene sections, as compared to dominantly late Paleozoic clasts within the Sheep Pass Formation type section (Druschke, 2008) . The Precambrian U-Pb age peaks within the Stinking Spring Conglomerate are similar to those of the Sheep Pass Formation type section, consistent with the abundance of clasts within the Stinking Spring Conglomerate derived from recycling of the underlying Sheep Pass Formation.
Paleozoic Zircon Source Interpretation
Paleozoic detrital zircons are a major component of Sevier hinterland strata and are nearly as numerous as Mesozoic detrital zircons (Fig. 8B) . The Scotty Wash Sandstone contains peaks of 426 and 412 Ma (Silurian), which were typically obtained from moderately abraded, subhedral zircons that suggest only relatively minor transport and reworking. Similar Late Ordovician to Silurian peaks are present in the Newark Canyon Formation (449 and 437 Ma), and a 424 Ma peak represents the largest peak within Member A of the Sheep Pass Formation type section (n = 22, or 13%). Subordinate ca. 420 Ma peaks occur in members C and E of the Sheep Pass Formation type section, the Stinking Spring Conglomerate, and the Lowry Spring section. Relatively minor populations of Devonian zircons are also present in Sheep Pass Formation Member A (363 Ma, n = 5) and in the Stinking Spring Conglomerate (377 Ma, n = 6).
Lower Paleozoic population ages of 420-350 Ma are recognized within Triassic strata of eastern Nevada , although major Silurian peaks are not recognized within the Roberts Mountain alloch thon. Prominent detrital zircon age peaks of 410-445 Ma are, however, recognized within Devonian to Triassic strata of Alaska and British Columbia (Ross et al., 1997; Gehrels and Ross, 1998; Gehrels et al., 1999) . A compilation of Paleozoic detrital zircon U-Pb ages from the Sheep Pass Formation and "tuffaceous" Sheep Pass Formation indicates that the principal Paleozoic age peaks are Silurian (423 and 442 Ma) (Fig. 9B) . Silurian detrital zircons were likely derived from Lower Paleozoic volcanic arc terranes such as the Klamath Mountains, where Silurian volcanism is documented (Metcalf et al., 2000) , and were subsequently incorporated into backarc basin strata of the Roberts Mountain alloch thon. The existence of a Silurian age peak in Antler foreland basin strata represented by the Mississippian Scotty Wash Sandstone, and presence in both the Newark Canyon and Sheep Pass Formations suggest that this may be a more important age peak for Upper Paleozoic strata in Nevada than previously recognized.
Mesozoic Zircon Source Interpretation
Sevier hinterland strata contain signifi cant populations of Mesozoic zircons (Fig. 8C) , despite the fact that previously published conglomerate clast counts and sandstone petrography of the Newark Canyon Formation (Nolan et al., 1956; Vandervoort, 1987) and the Sheep Pass Formation type section (Winfrey, 1958 (Winfrey, , 1960 Kellogg, 1964; Fouch, 1979) indicate the lack of a discernible volcaniclastic component. The Newark Canyon Formation contains both volcanic-derived zircons (TuffZirc age of 120.6 ± 3.2 Ma) and a previously unrecognized waterlain tuff (116.1 ± 1.6 Ma) within the upper portion of the type section. Despite evidence for an Early Cretaceous volcaniclastic component in the Newark Canyon Formation type section, signifi cant Jurassic or Triassic detrital zircon contributions derived from older igneous terranes of western Nevada are absent.
The Sheep Pass Formation type section contains signifi cant populations of Mesozoic zircons (n = 62, or 13%), the age population of which changes markedly up section. Nineteen Mesozoic grains were recovered from Member A (11% of the total) with peaks at 103 (n = 8) and 110 Ma (n = 4). Two Maastrichtian grains (with ages of 67.8 ± 1 Ma and 70 ± 1.3 Ma) were obtained from the uppermost sample within Member A (06SP20). The remaining Mesozoic grains within Member A range in age from Early Cretaceous to Late Triassic, without defi ning a robust population. Member C contains the largest component of Mesozoic grains with 35 grains (23%), but it contains relatively few Cretaceous grains. The major Mesozoic age peak within Member C is Late Jurassic at 155 Ma, with a minor Early Jurassic population at 186 Ma. Member E contains the smallest percentage of Mesozoic grains (n = 7 or 8%), and these grains fall within a single 112 Ma age peak. The overlying Stinking Spring Conglomerate also contains a relatively small Mesozoic population, which defi nes a peak at 118 Ma (n = 7), and two additional grains with ages of 92.1 ± 3.2 Ma and 97.7 ± 2.8 Ma.
Sections of the "tuffaceous" Sheep Pass Formation typically contain no major Mesozoic detrital zircon populations, although relatively small populations or individual grains of Mesozoic age are common and worth noting. The Lowry Spring section yielded only one Mesozoic grain, which was of Late Jurassic age (154 ± 1.5 Ma), while the overlying Sawmill Canyon section yielded a total of three mid-to Late Cretaceous grains (99.8 ± 1.1 Ma, 82.9 ± 2.0 Ma, and 69.8 ± 2.3 Ma). Grains from the Duckwater Mountain section produced a small Cretaceous peak at 112 Ma, while the Kinsey Canyon section yielded only two Mesozoic grains with ages of 81.3 ± 2.1 Ma and 238.7 ± 5.2 Ma. The Murphy Wash section of the southern Snake Range yielded a single Late Cretaceous zircon with an age of 94.9 ± 3.5 Ma.
A compilation of geochronologic data from Mesozoic intrusions in north-central and eastcentral Nevada indicates a bimodal distribution of Late Jurassic (145-175 Ma) and mid-to Late Cretaceous (65-110 Ma) ages produced by major intrusive pulses within the Sevier hinterland (du Bray, 2007) . A bimodal age distribution is also apparent from a compilation of Mesozoic grains within the Sheep Pass Formation type section and "tuffaceous" Sheep Pass Formation, with major peaks at 154 Ma and 111 Ma (Fig. 9C) . This age peak correlation, and the generally euhedral to subhedral nature of Mesozoic detrital zircons in Sevier hinterland deposits (Fig. 4C) suggest local derivation. While few localities of Cretaceous or Jurassic volcanic strata are known in eastcentral Nevada, erosion during the Cretaceous and early Paleogene may have removed extrusive volcanic strata linked to currently exposed intrusions (du Bray, 2007) . Late Cretaceous plutons of 95-65 Ma are relatively common in eastern Nevada (du Bray, 2007) , but the lack of corresponding age peaks in Sevier hinterland strata suggests that intrusions during this period were dominantly deep-seated and were unroofed following the Eocene.
While reworking of tuff present in the Newark Canyon Formation type section is an obvious source for Early Cretaceous detrital zircons, the Sheep Pass Formation type section lacks identifi ed tuffaceous horizons or vol canic conglomerate clasts. Our examination of conglomerates within Member A of the Sheep Pass Formation reveals the presence of coarse-grained to pebbly volcaniclastic litharenite clasts, a lithology that matches none of the Paleo zoic units presently exposed in eastcentral Nevada. We speculate that volcaniclastic sandstone clasts within conglomerates of the Sheep Pass Formation type section represent Lower Cretaceous strata that were present locally during the latest Cretaceous-Paleocene but were subsequently removed by erosion. Given the Albian-Aptian biostratigraphic age assignment for various sections of the Newark Canyon Formation (Nolan et al., 1956; Fouch et al., 1979) , similar Early Cretaceous detrital zircon populations present in the Sheep Pass Formation type section may have been derived from the Newark Canyon Formation. At present, however, all known exposures of the Newark Canyon Formation are located >50 km west of Sheep Pass Canyon, and paleocurrent measurements of latest Cretaceous to Eocene strata of the Egan and Schell Creek Ranges overwhelmingly indicate a westward direction of transport (Druschke et al., 2009b) . The presence of clasts derived from Mesozoic volcaniclastic strata in the Sheep Pass Formation type section, and clasts of the Sheep Pass Formation present in the overlying Stinking Spring Conglomerate demonstrate, however, that intervals of hinterland deposition were separated by widespread erosion and reworking.
Paleogene Zircon Source Interpretation
Sections of the "tuffaceous" Sheep Pass Formation are distinct from the Sheep Pass Formation in that they contain reworked pumice and detrital biotite and feldspar. Detrital zircon separates contain euhedral, distinctly elongated zircons that range in age from 35 to 38 Ma, and that are interpreted as having originated from volcanic sources. A compilation of Eocene detrital zircon ages indicates a peak in magmatic activity in east-central Nevada at 36 Ma (Fig.  8D) . Fouch (1979) (Brooks et al., 1995) . Ages of 39-40 Ma have also been obtained from volcanic strata and granitic dikes of the Kern and Deep Creek Ranges northeast of the study area and from tuffs overlying the White Sage Formation of west-central Utah (Dubiel et al., 1996) .
(U-Th)/He Zircon Age Interpretation
Results of (U-Th)/He detrital zircon dating of the Mississippian Scotty Wash Sandstone (Fig. 7A ) indicate predominately Permian (ca. 265 Ma) cooling ages, derived largely from dark-yellow, subrounded to well-rounded zircons that typically yield Precambrian U-Pb crystallization ages. Permian or older cooling ages are also preserved in the Sheep Pass Formation and Stinking Spring Conglomerate. These new data corroborate interpretations based on previous conodont alteration studies, which suggest that neither deep thrust burial nor accumulation of a thick Mesozoic sedimentary succession has affected large regions of Upper Paleozoic strata in east-central Nevada (Gans et al., 1990) , because this would have resulted in Mesozoic U-Th/He cooling ages. The preservation of late Paleozoic cooling ages also supports the hypothesis that following Early Cretaceous contraction along the central Nevada fold-andthrust belt, eastward propagation of the Sevier foreland fold-and-thrust belt occurred without the development of major surface-breaking thrust faults in east-central Nevada (Armstrong, 1972; Gans and Miller, 1983; Gans et al., 1989; Miller and Gans, 1989) .
Mesozoic cooling ages preserved in the Sheep Pass Formation type section (Fig. 7B ) reveal three distinct peaks at 135 Ma, 106 Ma, and 80 Ma. Although 106 Ma cooling ages overlap with U-Pb crystallization peaks and are thus indistinguishable, a 135 Ma crystallization peak is unrepresented and may indicate exhumation related to the Early Cretaceous central Nevada fold-and-thrust belt. Similarly, the largest cooling age peak within the Sheep Pass Formation type section (n = 5) occurs at 80 Ma and does not correspond to a U-Pb crystallization age peak. Given the west-fl owing paleocurrent indicators within the Sheep Pass Formation type section (Druschke et al., 2009b) , this Late Cretaceous cooling age peak is interpreted as an indication of early unroofi ng within the Snake Range core complex to the east. The principal cooling age peak of the Stinking Spring Conglomerate is 40 Ma (Fig. 7C) , although the fact that zircons with Eocene cooling ages are euhedral may indi cate a genetic link with ca. 38 Ma tuffsourced U-Pb crystallization ages.
Tectonic Setting and Paleogeography
Distributions of detrital zircon populations within the Newark Canyon Formation and Sheep Pass Formation suggest that sediment was derived primarily from local sources, with little evidence of long-range Cretaceous to Paleo gene transport that would have contributed late Paleozoic, early Mesozoic, and Late Cretaceous zircon grains that are not present in signifi cant quantities in Cretaceous-Eocene strata of central Nevada. Detrital zircon studies of the volcaniclastic Pine Nut, Luning, and Lovelock assemblages of western Nevada show Triassic populations with ages ranging from 218 to 243 Ma , and Upper Paleozoic to Lower Mesozoic terranes of the northern Sierra Nevada have yielded detrital zircons ranging from 370 to 185 Ma (Permian to Early Jurassic) (Fig. 9) . Geochronological studies within the Sierra Nevada magmatic arc indicate that pluton emplacement occurred over protracted intervals during the Triassic to and (Evernden and Kistler, 1970; Stern et al., 1981; Bateman, 1983; Saleeby et al., 1989) , and volcaniclastic rocks within the Cretaceous Great Valley forearc basin similarly display a wide range of Triassic to Late Cretaceous zircon populations refl ecting sediment derivation primarily from the Sierra Nevada magmatic arc (DeGraaff-Surpless et al., 2002) . Lack of signifi cant populations of Triassic, Early to Middle Jurassic, and Late Cretaceous zircons within Sevier hinterland deposits of east-central Nevada suggests geographic isolation from early Mesozoic terranes of western Nevada and the Sierra Nevada magmatic arc. Geographic isolation is also refl ected in late Eocene Sevier hinterland strata of east-central Nevada by a lack of middle Eocene (43-39 Ma) zircons derived from the northern Nevada volcanic fi eld (Brooks et al., 1995) .
The deposition of the Newark Canyon Formation has been linked with motion along the central Nevada fold-and-thrust belt in the Early Cretaceous (Vandervoort and Schmitt, 1990) . The central Nevada fold-and-thrust belt largely involved east-vergent deformation of Cambrian-Pennsylvanian strata (Speed et al., 1988; Allmendinger, 1992; Taylor et al., 2000) , with the Newark Canyon Formation deposited as a series of wedge-top depocenters (Vandervoort and Schmitt, 1990) . Lack of signifi cant zircon populations with a clear link to lower Mesozoic volcaniclastic sources of western Nevada suggests that local Paleozoic strata involved in fold-and-thrust belt deformation served as the principal sediment source for the Newark Canyon Formation. This observation suggests that the mid-Jurassic Luning-Fencemaker belt (Oldow, 1984; Wyld, 2002) was not a major contributor of sediment to the Newark Canyon Formation, contrary to previous paleogeographic reconstructions (DeCelles, 2004) . Geographic isolation of the Newark Canyon Formation basin system from fl uvial systems draining the Sierra Nevada and early Mesozoic terranes of western Nevada was likely the result of intervening topographic lows represented by the King Lear Formation basin system of western Nevada (Martin et al., 2010) , and by topographic highs within the central Nevada fold-and-thrust belt (Fig. 10A) .
Extension and deposition of the Sheep Pass Formation type section was initiated during Campanian to Maastrichtian time (Vandervoort and Schmitt, 1990; Druschke et al., 2009a) , following the onset of the Late Cretaceous amagmatic gap (Dickinson and Snyder, 1978) and the initiation of hinterland midcrustal extension (Wells et al., 1990; Hodges and Walker, 1992; Camilleri and Chamberlain, 1997; McGrew et al., 2000; Wells and Hoisch, 2008) . Stratigraphic patterns and paleofl ow indicators within the Sheep Pass Formation type section indicate that proximal highlands lay to the east (Winfrey, 1958 (Winfrey, , 1960 Kellogg, 1964; Fouch, 1979; Druschke et al., 2009a Druschke et al., , 2009b (Fig.  10B) . The presence of Albian-Aptian detrital zircons and reworked volcaniclastic sandstone clasts in the Sheep Pass Formation suggests that Early Cretaceous strata, in part coeval with the Newark Canyon Formation, were once extensive in the Sevier hinterland and were subsequently removed through erosion. However, the preservation of Paleozoic cooling ages within Upper Paleozoic strata of the Sevier hinterland indicates that the thickness of Mesozoic strata was <4 km.
The lack of detrital zircon populations younger than 103 Ma within the Sheep Pass Formation implies that topography was suffi cient during the Late Cretaceous and Paleogene to isolate depocenters within the Sevier hinterland from the high-standing Sierra Nevada arc (Fig. 10B ).
West-fl owing Late Cretaceous paleodrainages potentially extended well into the interior of the Sierra Nevada (House et al., 2001) , and a lack of Late Cretaceous zircons within the Sheep Pass Formation suggests that the majority of arc-related detritus was shed west into the Great Valley forearc basin. Peripheral antecedent river systems and interior extensional basins exhibiting internal drainage patterns are features common within the modern Tibetan, Turkish, and Iranian plateau systems (Dilek and Moores, 1999) , and internal drainage was initiated within portions of the Puna-Altiplano in the Miocene (Vandervoort et al., 1995) . Similar conditions may have been widespread within the latest Cretaceous and Paleogene Sevier hinterland of east-central Nevada. Width and confi guration of the Sevier plateau varied substantially along the length of the orogen, allowing post-Early Cretaceous direct drainage connections between the magmatic arc and the Sevier foreland basin system to exist elsewhere to the north or south, as in the case of the McCoy basin (Fig. 10A) (Barth et al., 2004) .
The presence of abundant clasts derived from Ordovician to Neoproterozoic lithologies within sections of "tuffaceous" Sheep Pass Formation (Drewes, 1967; Gans et al., 1989) points to exposure of progressively older strata during the middle to late Eocene. The late Eocene (ca. 35-38 Ma) marks a period of widespread extension and volcanism in east-central Nevada Armstrong and Ward, 1991; Axen et al., 1993; Gans et al., 2001; Druschke et al., 2009b) ; however, the existence of Late Cretaceous to middle Eocene extensional basin deposits lacking coeval volcanic-sourced zircons suggests that the initiation of upper-crustal extension signifi cantly predated volcanism within the Sevier hinterland. In this interpretation, the 7 km of structural unroofi ng interpreted by Gans et al. (1989) (Druschke et al., 2009b) indicate that sediment was derived from the east. These observations suggest that the Snake Range formed a long-lived highland and potential drainage divide, as proposed by Christiansen et al. (1992) . Previous studies have suggested that the Grouse Creek-Raft RiverAlbion core complex may represent a major ramp anticline related to the Sublett synclinorium, and that topographic uplift occurred as a result of hanging-wall displacement over the ramp during the Jurassic to mid-Cretaceous (Wells, 1997) . The Confusion Range synclinorium (Hose, 1977) of east-central Utah lies along strike with the Sublett synclinorium and is located east of the Snake Range core complex. The Snake Range core complex may therefore represent a southern continuation of this anticlinal ramp structure, which potentially contributed to its high relief relative to Late Cretaceous to Eocene depocenters of east-central Nevada.
Extensional basin deposits of latest Cretaceous to early Eocene age have been identifi ed within the Fish Creek Mountains, Grant Range, Egan Range, and adjacent subsurface of Railroad and White River Valleys of east-central Nevada (Winfrey, 1958 (Winfrey, , 1960 Kellogg, 1964; Fouch, 1979; Vandervoort and Schmitt, 1990; Fouch et al., 1991; Druschke et al., 2009a Druschke et al., , 2009b , and the vicinity of Gold Hill in western Utah (Potter et al., 1995; Dubiel et al., 1996) . Contrary to reconstructions that imply that the Sheep Pass Formation represents a single large lake basin (Winfrey, 1958 (Winfrey, , 1960 , distribution of megabreccia and coarse alluvial deposits of variable Late Cretaceous to Paleocene age over a wide area of east-central Nevada suggest a number of discrete sedimentary basins. Middle to late Eocene extensional deposits are generally more abundant within east-central Nevada than latest Cretaceous to early Eocene deposits, potentially due to greater extensional fragmentation of the Sevier hinterland, or due to preservational bias of younger deposits. In many cases (i.e., the Sheep Pass Formation type section), middle to late Eocene deposits unconformably overlie older Sevier hinterland strata, which suggests that reactivation of extensional fault systems controlled long-lived (latest Cretaceous to late Eocene) depocenters.
CONCLUSIONS
Approximately 1300 U-Pb detrital zircon analyses of strata within east-central Nevada record evolving tectonics and paleogeography throughout the transition from Early Cretaceous contraction to latest Cretaceous through Eocene extension in the Sevier hinterland. Analyses from the Mississippian Scotty Wash Sandstone reveals age peaks at 426 and 412 Ma, 1.1 Ga, 1.48 Ga, 1.65 Ga, 1.82 Ga, and 2.52 Ga, refl ecting derivation primarily from the Roberts Mountain allochthon. Detrital zircon analyses of the Newark Canyon Formation type section and Sheep Pass Formation type section reveal that the majority of the zircons present were derived from recycling of Upper Paleozoic strata, which are found throughout east-central Nevada, and contain Silurian, Grenvillian (1.0-1.3 Ga), and late Mesoproterozoic to Archean (1.45-2.62 Ga) age peaks similar to those in the Scotty Wash Sandstone.
The Newark Canyon Formation type section contains a previously unrecognized Aptian volcaniclastic component as revealed by a 120.6 ± 3.2 Ma zircon U-Pb TuffZirc age within the Upper Conglomerate Member, and a 116.1 ± 1.6 Ma zircon U-Pb concordia age from a waterlain tuff within the Upper Carbonaceous Member. These new data indicate that the Newark Canyon Formation type section is Aptian or older. Absence of signifi cant Jurassic or Triassic detrital zircons suggests that the Newark Canyon basin system was isolated from terranes to the west by a topographic high within the central Nevada foldand-thrust belt. Early Cretaceous volcaniclastic detritus in the Newark Canyon Formation type section may have been deposited as air fall from the coeval arc to the west, but it was more likely the product of local volcanic sources within the Sevier hinterland, today represented by scattered occurrences of coeval plutonic rocks.
The Sheep Pass Formation type section contains a relatively minor Mesozoic detrital zircon component comprising roughly 15% of the zircons analyzed, and it displays a distinctly bimodal distribution of Early Cretaceous (111 Ma) and Late Jurassic (154 Ma) ages. This pattern resembles the bimodal age distribution of intrusions within east-central and north-central Nevada (du Bray, 2007) ; the lack of older Mesozoic populations and Late Cretaceous populations within the Sheep Pass Formation indicates continued geographic isolation of the Sevier hinterland from source areas in western Nevada and the Sierra Nevada. Mesozoic detrital zircons within the Sheep Pass Formation were likely derived from widespread Early Cretaceous volcaniclastic strata and hinterland volcanic centers that were subsequently removed by erosion. Geographic isolation of the Sevier hinterland during the Late Cretaceous to Paleogene from the high-standing Sierra Nevada to the west was likely due to the combination of (1) antecedent river systems on the periphery of the plateau to the west that transported arc-derived detritus primarily to the Great Valley forearc basin, (2) internal drainage within the interior plateau following a Late Cretaceous transition from regional shortening to extension, and (3) locally rugged topography within the plateau interior recorded by widespread coarse alluvial-fan deposits and megabreccia.
The ca. 25-30 m.y. gap between the deposition of Late Cretaceous-Paleocene extensional deposits of the Sheep Pass Formation type section, and more widespread middle to late Eocene sedimentary deposits suggests that there were two distinct extensional events within the Sevier hinterland. Detrital zircon analyses of the Stinking Spring Conglomerate and the "tuffaceous" Sheep Pass Formation of Fouch (1979) reveal an up-section increase of late Eocene volcanic zircons, defi ning a peak in magmatic activity at 36 Ma in east-central Nevada. Typically, thick intervals of coarse conglomeratic strata lacking a tuffaceous component form the base of "tuffaceous" Sheep Pass Formation sections. This pattern suggests that extension preceded late Eocene magmatism in east-central Nevada and potentially initiated as early as the middle Eocene (Bridgerian, ca. 50.5-45.4 Ma) based on biostratigraphic age correlations. The overlap of late Eocene TuffZirc ages in the Stinking Spring Formation with sections of the "tuffaceous" Sheep Pass Formation invalidates the correlation of Fouch (1979) and indicates that late Eocene volcaniclastic strata variously assigned to the Sheep Pass Formation and basal Garrett Ranch Group are coeval.
The (U-Th)/He detrital zircon thermochronometry of zircons from the Scotty Wash Sandstone, Sheep Pass Formation type section, and Stinking Spring Conglomerate reveals late Paleo zoic cooling ages from local Upper Paleozoic strata. These data corroborate earlier interpretations based on conodont alteration studies that Upper Paleozoic strata were not buried under a thick Mesozoic section (Gans et al., 1990) . Cretaceous cooling ages of 80 Ma (Campanian) are preserved within the Sheep Pass Formation type section, and no crystallization ages correspond to this Late Cretaceous cooling age peak. This cooling age peak, and paleocurrent data from the Sheep Pass Formation indicating west-directed transport (Druschke et al., 2009b) suggest that 5-6 km of unroofi ng occurred in the vicinity of the incipient Snake Range core complex between Campanian cooling through 180 °C, and Maastrichtian redeposition in the Sheep Pass Formation.
